Seasonality of birth in Epilepsy: A Southern Hemisphere study  by Procopio, Marco et al.
Seasonality of birth in Epilepsy: A Southern
Hemisphere study
Marco Procopio a,b,*, Paul K. Marriott c, Russel J.E. Davies d
Seizure (2006) 15, 17—21
www.elsevier.com/locate/yseizaThe Priory Hospital Hove, 14-18 New Church Road, Hove, East Sussex BN3 4FH, UK
bMedical School, University of Brighton, UK
cDepartment of Statistics and Actuarial Science, University of Waterloo, Waterloo, Ont., Canada
d Epsom General Hospital, UK
Received 18 August 2004; received in revised form 7 October 2005; accepted 17 October 2005KEYWORDS
Epilepsy;
Seasonality;
Southern Hemisphere;
Australia;
Schizophrenia
Summary A consistent pattern has emerged from research in Northern Hemisphere
populations indicating differences in the seasonality of birth between patients with
epilepsy and the general population. This is the first study using similar methodology
to look at Southern Hemisphere data. The population studied is composed of patients
discharged from Australian hospitals with a diagnosis of epilepsy, in the period 1998—
1999. The results show a significantly higher incidence of epilepsy in the patients born
during the Australian winter and summer and a deficit of patients born during the
spring and fall. This pattern is consistent with the Northern Hemisphere findings. This
study provides further evidence of the existence of a seasonal aetiological agent(s) for
epilepsy acting in the perinatal period.
# 2006 British Epilepsy Association. Published by Elsevier Ltd. All rights reserved.Introduction
Despite great improvements in our understanding of
neurological disorders still, in the majority of cases
of epilepsy, it is not possible to identify the aetio-
logical factors involved.1,2 There is increasing evi-
dence that behind a significant proportion of these
cases of idiopathic epilepsy there is a disruption of
the neuro-developmental process in utero.3—6* Corresponding author at: The Priory Hospital Hove, 14-18 New
Church Road, Hove, East Sussex BN3 4FH, UK.
Tel.: +44 1273 764306; fax: +44 1273 737541.
E-mail address: marcoprocopio00@hotmail.com
(M. Procopio).
1059-1311/$ — see front matter # 2006 British Epilepsy Association
doi:10.1016/j.seizure.2005.10.001The next step in the understanding of the aetio-
pathogenesis of idiopathic epilepsies is the indivi-
duation of the processes behind the derailment of
the development of the central nervous system in
these patients. The identification of the aetiological
agents involved could open the door to the devel-
opment of strategies of primary prevention or aetio-
logical treatment. The example of neural tube
defects and their prevention through prescription
of folic acid in the periconceptional period is a good
example of the potential offered by this
approach.7,8
One strategy that can be used to develop hypoth-
eses on the nature of the aetiological agents
involved in pathologies in which it is suspected that. Published by Elsevier Ltd. All rights reserved.
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embryo—foetal period is the analysis of the seasonal
pattern at birth. Using this approach the seasonality
at birth of a sample of patients born in a defined
geographical area is compared with the seasonal
pattern at birth of the general population from the
same area. If the result is a seasonal effect in the
births of the patients’ sample that is consistently
and significantly different from that of the general
population, it may be possible to develop hypoth-
eses on the nature of the aetiological agent(s).
This methodological approach was adopted on
two large national samples, England & Wales and
Denmark, of epileptic patients.9,10 In both studies it
was evident a seasonal pattern in the births of the
epileptic population, which was significantly differ-
ent from the general population. This seasonal pat-
tern was similar in the two studies.
Several aetiological hypotheses were developed
on the basis of the results of these two studies,
considering environmental factors that have a sea-
sonal presence in the environment and which have
in utero either neuro-toxic or neuro-protective
potential.
After these two studies of populations born in the
Northern Hemisphere the natural evolution of this
line of research was to develop a study in which the
same approach was applied to a sample of epileptic
patients from the Southern Hemisphere, to examine
whether a similar pattern was present.
Patients
The number of discharges from hospital for persons
with epilepsy (ICD10 G40), classified by month and
year of birth for Australia in the fiscal year 1998—
1999, was provided by the Australian Institute of
Health and Welfare. Patients whose month of birth
was missing had to be excluded from the study. This
random selection introduces extra variation in the
data and so inference procedures that were robust
to this were used, see Section ‘Statistical methods’.
It was however, necessary to assume that there was
no systematic seasonal pattern in the proportion of
missing patients. It was felt that this was consistent
with our basic null hypothesis that the disease does
not have a seasonal component. For consistency
with previous Danish and British studies we
restricted the sample of our study to patients born
between 1938 and 1974. This resulted in 14,423
discharges in the sample under study.
The control population was all live births in Aus-
tralia from 1938 to 1974, recorded by year and
month of registration. These data were provided
by the Australian Bureau of Statistics. A controlpopulation is necessary because the distribution
of live births in the general population is not homo-
genous, but shows variations from month to month
and year to year.11—13Methods
We follow the general methodology of generalised
linear models (GLM), see Mc Cullagh and Nelder14 or
Aitkin et al.15 Note, that this methodology follows
closely to that of similar studies.9,10
The basic model that was used in this study, given
below, assumes that in any given month the number
of cases follows a Poisson distribution. This assumes
that there is a small, but fixed probability that any
birth in any given month will go on to develop
epilepsy. It further asserts that the probabilities
of separate births developing epilepsy are indepen-
dent. Rather than model this probability directly,
we model the average (mean) number of cases per
birth per month, as is usual in GLM methodology.
We are interested in testing if there is a seasonal
effect on the mean proportion of cases born in a
given month. To do this we must first remove the
effects of any overall trends, once this is done we
can test our statistical model for a monthly effect.
This was done by adding a 12-level factor that
recorded the month of birth and testing its signifi-
cance using the appropriate ANOVA test.
Statistical methods
The initial model for the data was based on the
assumption that the number of cases born in each
month has a Poisson distribution, so the probability
that there are rt cases in month twhere there are Nt
births in that month is
PrðRt ¼ rtÞ ¼ ðltNtÞ
rt
rt!
eltNt
The parameter is lt, the incidence rate in month t.
Since inspection of the observed incidence rate,
indicates that the rate changes over time, we model
it by assuming that the rate follows a non-linear
trend,
log ðltÞ ¼ b0 þ b1tþ b2t2 þ b3t3 þ b4t4
The number of births permonth, which is the control
population in this study, is included in the model as
an offset in accordance with 14 (p. 206). An offset is
a covariate in the model whose coefficient is con-
strained to be one. The values of the free coeffi-
cients bi were found by the method of maximum
(pseudo) likelihood estimation. This method of Pois-
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Figure 1 The seasonal pattern of birth in Australian
patients admitted for epilepsy is significantly different
from the general population.son regression was done using the package R, further
details can be found in 14.
To check for the goodness of fit the residuals were
examined. Since there was evidence of mild over-
dispersion all inference was done with the pseudo-
likelihood approach recommended in 14. Once trans-
lated by their mean value (which is the fitted value
in the non-linear regression) and scaled by their
standard deviation (the square root of the fitted
value) the residuals should have an approximately
standard normal distribution. Both quantile plots
and calculating the observed variance confirms
the goodness of fit. Thus the non-linear regression
does seem to be a good baseline model with which
we can investigate seasonality.
To test for a seasonal effect a 12-level factor was
fitted whose levels correspond to the months. The
addition to this, seasonal variable was tested for
statistical significance using the method of analysis
of deviance. The deviance is defined as twice the
difference between the maximum likelihood for the
model, which includes the monthly effect minus the
maximum likelihood for the null model. It is a
measurement of how well the model fits the
observed data. The key idea behind an analysis of
deviance is to test if the change in deviance, which
is achieved by adding a new variable, is statistically
significant.
Results
The monthly effect was found to be significant
( p < 0.01), indicating that there is strong evidence
in the data that the month of birth contributes to
the probability of developing epilepsy. In order to
understand the detail of the monthly effect, the
twelve estimated monthly effects are plotted in
Fig. 1 which provides a qualitative guide to the
seasonal effect.
Two aspects of the collected data need further
comment. One was that a single patient may have
more than one hospital discharge and secondly, that
the Australian data only records the month of regis-
tration rather than birth. Both aspects had the
effect of increasing variability in the model; how-
ever, since the inference procedure used (a pseudo-
likelihood as recommended in 14) was robust to
over-dispersion, our results are also robust. Our
modelling assumes that the distribution of the
number of discharges does not have a birth month
effect that would induce a bias in the estimation.
Such an effect, which would imply a qualitative
difference in the disease by birth month, would in
itself be extremely interesting. The second effect,
i.e. having a noisy measure of the birth month,would have the effect of damping any seasonal
effect. Thus, the fact that one was still detected
implies that the effect might be stronger than we
have estimated.
Discussion
The first important conclusion that can be drawn
from the results of this study is that the seasonal
distribution of birth in a large sample of Australian
inpatients with epilepsy is significantly different
from that of the general population in Australia.
Without trying to overanalyse the monthly data,
there is evidence of a trend with a bi-phasic sinu-
soidal pattern with a significantly higher incidence
of epilepsy in the patients born during the Australian
winter and summer seasons and a significant deficit
of epileptic patients born during the Australian
spring and fall.
The results of this study are consistent with the
two previous studies from the Northern Hemisphere
that also show a sinusoidal pattern with an excess of
epileptic patients born in the European summer and
winter and a deficit in the European middle sea-
sons.9,10
As discussed in previous papers there is no reason
to believe that the parents of epileptic patients
have seasonal mating habits different from those
of the general population. It is therefore to be
assumed that the different pattern of seasonal birth
in epileptic patients is due to the action of agents
present in the environment with a seasonal pattern
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influencing the future expression of seizures.
Amongst the factors that have a differential sea-
sonal presence in the environment and that have the
potential to influence the neurodevelopment, some
are noxious factors while others are protective.
Examples of potentially disruptive factors are
maternal infections16—18 and obstetric complica-
tions.19—23 A typical example of protective factor
are vitamins, which have a seasonal availability in
the environment.24—28 The importance of vitamins
in thematernal diet cannot be stressed enough after
the findings of the protective properties of folic acid
in neural tube defects.7,8 The sinusoidal pattern
with two peaks and two lows could originate by
the action of one agent, either protective or nox-
ious; or by a combination of more than one factor,
each with a different seasonal pattern.
The causal factors that we considered in the
European studies are present in the environment
with a seasonal pattern also in the Southern Hemi-
sphere. Their presence follows the same meteoro-
logical seasons in the two Hemispheres and not the
same calendar pattern. Flu epidemics, for instance,
are present in Australia during the antipodean win-
ter, with a peak in July and August.29 In the same
way gastrointestinal infections peak in both Hemi-
spheres during the summer, with the highest inci-
dence in Australia around December and January.29
The availability of vegetables, and therefore of
most vitamins in the diet, is also seasonal in both
Hemispheres with a low in the winter.24—28
It would be therefore expected, if the same
aetiological factors were in action in the two hemi-
spheres, a pattern of seasonal incidence of birth of
epileptic patients with roughly a six months lag
between the two Hemispheres. The comparison of
this Australian study with the two previous European
studies is compatible with this pattern.
A few issues in regard to the sample object of the
study need to be discussed. The first one is that the
epileptic population is represented by the number
of admissions per year, and not by the number of
patients. Therefore, a patient who has been
admitted several times during a year will be repre-
sented as many times in the sample. The same
problem was present in the sample from England
and Wales. The only possible phenomenon which
could contaminate the results would be if, the
patients with a more serious and less controlled
epilepsy, therefore, with repeated admissions, have
a seasonal pattern of births, while the other
patients do not. This would be anyway a very inter-
esting phenomenon in itself.
A very similar issue is the fact that the epileptic
sample represents only the patients who had aninpatient admission on that year, while the majority
of epileptic patients are not admitted. Again, as
discussed above, the only potential bias would be
represented if the seasonality were higher in the
patients who have a more brittle syndrome.
A third potential bias deserves a wider discus-
sion. The epileptic sample used for this study
represents everyone living in Australia in that year
and having access to the health system, irrespec-
tive of his or her place of birth. The most recent
census data show that more than 20% of the popu-
lation resident in Australia,30 therefore having
access to the health system, are born outside
Australia, and the great majority of them in the
Northern Hemisphere. The live births with which
this sample is compared to, instead, are represen-
tative only of the people born in Australia. There is
therefore, the potential risk that this contamina-
tion could bias the results obtained. On the other
hand, if the seasonal phenomenon observed in
Australia were due to this artifact, the seasonality
would be of a size equivalent to around one fifth of
what observed in Europe, being the population
born abroad around 20% of the total population.
In reality the Australian seasonal effect is at least
as strong as the European, and this reassures that
there is a genuine phenomenon originating from
the population born in Australia.
Conclusions
In summary, the analysis of the dates of birth of a
large sample of Australian patients suffering from
epilepsy shows a seasonal pattern significantly dif-
ferent from that of the general population. The
results are compatible with two similar studies
performed on patients from the Northern Hemi-
sphere. The most likely candidates as aetiological
factors in idiopathic epilepsies are therefore agents
who have a significant seasonal presence in the
environment. Amongst these are promising infective
agents causing maternal infections, obstetric com-
plications and vitamins in the maternal diet.
References
1. Annergers JF, Rocca WA, Hauser WA. Causes of epilepsy.
Contributions of the Rochester Epidemiological Project.
Mayo Clin Proc 1996;71(6):570—5.
2. Berg AT, Testa FM, Levy SR. The epidemiology of epile-
psy; past, present and future. Neurol Clin 1996;14(2):
383—98.
3. Carino PB, Trojanowski JQ, Eberwine J. Internexin MAP1B and
nestin in cortical dysplasia as markers of developmental
maturity. Acta Neuropathol 1997;93(6):619—27.
Seasonality of birth in Epilepsy: A Southern Hemisphere study 214. Johnston MV. Developmental aspects of epileptogenesis. Epi-
lepsia 1996;37(Suppl. 1):S2—9.
5. Palmini A, Andermann E, Andermann F. Prenatal events and
genetic factors in epileptic patients with neuronal migration
disorders. Epilepsia 1994;35:965—73.
6. Palomo T, Beninger TJ, Kostrzewa RM, Archer T. Brain sites of
movement disorders: genetic and environmental agents in
neurodevelopmental perturbations. Neurotoxicity Res 2003;
5:1—26.
7. Czeizel AE, Dudas I. Prevention of the first occurrence of
neural tube defects by periconceptional vitamin supplemen-
tation. N Engl J Med 1992;327:1832—5.
8. Weler MM, Shapiro S, Mitchell AA. Periconceptional folic acid
exposure and risk of occurrent neural tube defects. JAMA
1993;269:1257—61.
9. Procopio M, Marriott P, Williams P. Season of birth: aetiolo-
gical implications for epilepsy. Seizure 1997;6:99—105.
10. Procopio M, Marriott P. Seasonality of birth in epilepsy: a
Danish study. Acta Neurol Scand 1998;98:297—301.
11. Boback M, Gjonca A. The seasonality of live births is strongly
influenced by socio-demographic factors. Hum Reprod
2001;16:1512—7.
12. Mathers CD, Harris RS. Seasonal distribution of births in
Australia. Int J Epidemiol 1983;12(3):326—31.
13. Weerasinghe DP, McIntyre RC. Seasonality of births and abor-
tions in New South Wales, Australia. Med Sci Monit 2003;
9:CR534—40.
14. Mc Cullagh P, Nelder JA. Generalised linear models. London:
Chapman and Hall; 1983.
15. Aitkin M, Anderson D, Francis B. Statistical modelling in GLM.
Oxford: Oxford Statistical Science Series; 1989.
16. Chi CY, Wong WU, Fung CP, Yu KW, Liu CY. Epidemiology of
community-acquired Staphylococcus Aureus bacteriemia. J
Microbiol Immunol Infect 2004;37:16—23.
17. Jensen ES, Lundbye-Christensen S, Samuelsson S, Sorensen
HT, Schonheider HC. A 20-year ecological study of the tem-
poral association between influenza and meningococcal dis-
ease. Eur J Epidemiol 2004;19:181—7.
18. Viboud C, Boelle PY, Pakdaman K, Carrat F, Valleron AJ,
Flahault A. Influenza epidemics in the United States, Fra-nce and Australia, 1972—1997. Emerg Infect Dis 2004;10:
32—9.
19. Magnu P, Eskild A. Seasonal variation in the occurrence of pre-
eclampsia. Int J Obstet Gynaecol 2001;108:1116—9.
20. Talukder SI, Haque A. Frequency of abortion in different
seasons and age groups. Mymensingh Med J 2003;12:8—10.
21. Wilhelm M, Ritz B. Residential proximity to traffic and
adverse birth outcomes in Los Angeles County, California,
1994—1996. Environ Health Perspect 2003;111:207—16.
22. Stuart R, Harris C, Smith J. The Epidemiology of influenza,
key fact and remaining problems. In: Selby P, editor. Influ-
enzamodels: prospects for development and use. Lancaster:
MTP Press; 1982.
23. Neela J, Raman L. Seasonal trends in the occurrence of
eclampsia. Natl Med J India 1993;6:17—8.
24. Cooney RV, Franke AA, Hankin JH. Seasonal variations in
plasma micronutrients and antioxidants. Cancer Epidemiol
Biomarkers Prev 1995;4:207—15.
25. de Castro JM. Seasonal rhythms of human nutrient intake and
meal pattern. Physiol Behav 1991;50:243—8.
26. Gulson BL, Mizon KJ, Korsch MJ, Mahaffey KR, Taylor AJ.
Dietary intakes of selected elements from longitudinal 6-day
duplicate diets for pregnant and non-pregnant subjects and
elemental concentrations of breast milk and infant formula.
Environ Res 2001;87:160—74.
27. Sasaki S, Takahashi T, Iitoi Y, Iwase Y, Kobayashi M, Ishihara J,
et al. Food and nutrient intake assessed with dietary records
for the validation study of a self-administered food frequency
questionnaire in JPHC study Cohort I. J Epidemiol 2003;
13:S23—50.
28. Subar AF, Frey CM., Harlan LC, Kahle L. Differences in
reported food frequency by season questionnaire adminis-
tration; the 1987 National Health Survey. Epidemiology 1994;
5:226—33.
29. Australian Government Department of Health and Ageing;
Communicable Diseases Australia. National Influenza Surveil-
lance; 2003.
30. Berlin Institute for comparative social research. Australia:
stock of foreign-born population by country of birth; census
results of 1986, 1991 and 1996. SOPEMI; 1999.
